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INTRODUCTION 

The d e t a i l e d  ana lys i s  o f  coa l -de r i ved  products  (CDP) i s  hampered by  severa l  
f a c t o r s .  
heterogeneous as t o  component classes. U n l i k e  petroleum products, most o f  t he  COP 
i s  o f  r e l a t i v e l y  h igh  molecular  weight and e x h i b i t s  a r e l a t i v e l y  l a r g e  heteroatom 
(N,O,S) content .  I n  addi t ion,  a major p o r t i o n  o f  t he  COP i s  n o n - d i s t i l l a b l e  which 
does n o t  permi t  t he  use o f  many o f  t he  procedures p r e v i o u s l y  developed f o r  the 
ana lys i s  o f  crude o i l s .  I n  t h i s  regard, d i f f e r e n t  methods o f  analys is  are requi red.  
For the  n o n v o l a t i l e  CDP f rac t i ons ,  these a n a l y t i c a l  techniques are s t i l l  i n  the 
e x p l o r a t o r y  stage. 
ana lys i s  seems e s p e c i a l l y  s u i t e d  f o r  these ma te r ia l s .  On- l ine ana lys i s  a l s o  appears 
h i g h l y  a t t r a c t i v e  i n  view o f  the heterogeneous na tu re  o f  the precursor  feed coals  
and the d e s i r a b l i l i t y  o f  rapid,  d i s c r i m i n a t o r y  a n a l y t i c a l  procedures by  t h e  coal  
convers ion i ndus t r y .  Depending on the  f u n c t i o n a l i t i e s  o f  i n te res t ,  a v a r i e t y  o f  
combinat ion techniques ( separa t i on -spec t romet r i c )  can be env is ioned f o r  n o n v o l a t i l e  
CDP's. 

Thei r  composit ion i s  no t  o n l y  ext remely complex bu t  a l so  ext remely 

A combined condensed phase separat ion-spect rometr ic  means o f  

Various spect roscopic  techniques app l i ed  t o  i s o l a t e d  f r a c t i o n s  have prov ided 
d e t a i l e d  s t r u c t u r a l  i n fo rma t ion  bu t  each s u f f e r s  from no t  be ing able t o  d i s t i n g u i s h  
i n d i v i d u a l  components. The coupl ing o f  HPLC separat ions d i r e c t l y  w i t h  h i g h l y  
i n f o r m a t i o n - s p e c i f i c  spect rometr ic  de tec to rs  "on - l i ne "  may p rov ide  the  p o t e n t i a l  f o r  
t h e  i d e n t i f i c a t i o n  o f  many o f  t h e  components o f  these complex mixtures.  I n f r a r e d  
spect rometry  y i e l d s  c h a r a c t e r i s t i c  and o f t e n  s p e c i f i c  absorbances f o r  many organic  
f u n c t i o n a l i t i e s  and p a r t i c u l a r l y  f o r  many o f  the heteroatom con ta in ing  compounds 
which need t o  be analyzed. I R  a lso seems a ve ry  l o g i c a l  choice as a d e t e c t o r  f o r  
t h e  HPLC separat ion o f  CDP's s ince i t  i s  e a s i l y  adapted t o  a f l o w i n g  stream. We 
wish t o  descr ibe t h e  a p p l i c a t i o n  o f  a HPLC-FTIR system t o  a coa l -de r i ved  residuum. 

RESULTS AND DISCUSSION 

The coal -der ived samples employed i n  t h i s  s tudy  were received from t h e  Ker r  
McGee Corporation. L ioue fac t i on  cond i t i ons  were as fo l l ows :  

Wyodak #3 feed coal  
100% THQ; S:C, 2 : l  

1100 p s i  H2, 30 minutes, 785'F 

A f t e r  t he  reac t i on  was terminated, gases were vented from the  reac to r  and the 
r e a c t i o n  vessel was emptied o f  i t s  contents .  Some residuum and process so l ven t  
remained i n  the  vessel. Th is  ma te r ia l  was removed by washing the vessel w i t h  
te t rahyd ro fu ran  (THF). Ma te r ia l  which was s o l u b i l i z e d  i n  t h i s  w a y  was designated 
THF solub les.  
performed i n  order  t o  remove the  r e l a t i v e l y  l a r g e  amount o f  1,2,3,4-tetrahydro- 
q u i n o l i n e  (THO) known t o  be present i n  the  THF-solubles sample. F r a c t i o n  1, e l u t e d  
w i t h  hexane, was indeed found t o  con ta in  almost e x c l u s i v e l y  THQ. F r a c t i o n  2 whose 
ana lys i s  i s  descr ibed below conta ined o n l y  a smal l  amount o f  THO. 

d e t e c t i o n  i s  shown i n  F igu re  1. Upon examination o f  t h e  UV trace, i t  i s  seen t h a t  
most peaks e l u t e  i n  the  same reg ion  as p r e v i o u s l y  found fo r  s imple bas ic  n i t rogen  
model compounds. The numbers over the  peaks i n  F igu re  18 correspond t o  i n d i v i d u a l  

A p r e l i m i n a r y  p repara t i ve  separa t i on  on the THF solub les was 

A microbore Scale chromatographic separa t i on  o f  f r a c t i o n  2 w i th  UV and FTIR 
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spec t ra  obtained throughout t h e  HPLC-FTIR run. 
s a t u r a t i o n  r e f l e c t e d  i n  each f i l e  spectrum as evidenced by the  r e l a t i v e l y  in tense CH 
s t r e t c h i n g  modes between 2800 and 3000 cm-1. This i s  perhaps an i n d i c a t i o n  o f  a l k y l  
s i d e  chains on an aromat ic r i n g .  Two major components i n  t h i s  f r a c t i o n  are THQ 
( f i l e  203) and a u i n o l i n e  ( f i l e  225). 
N-methy lan i l ine  as shown by i t s  comparison w i t h  t h e  spectrum o f  the  model compound. 
Obviously, another c m p o n e n t ( s )  i s  a lso  represented i n  f i l e  201 s ince  t h e  two 
s p e c t r a  do n o t  p e r f e c t l y  agree. Some o f  the o ther  f i l e s  have no t  been i d e n t i f i e d  
al though these c o n t a i n  bands cons is ten t  w i th  n i t r o g e n  h e t e r o c y c l i c  compounds. A 
match w i th  model compound spec t ra  has n o t  been made. The spectrum corresponding t o  
f i l e  235 i s  i n t e r e s t i n g .  The component represented i n  t h i s  f i l e  e l u t e s  a f t e r  
qu ino l ine ,  b u t  i t  i s  n o t  reso lved from q u i n o l i n e .  Th is  s ectrum conta ins  a weak NH 

t o  two bands a t  1324 cm-1 and 1296 cm-1. The m a t e r i a l  g i v i n g  r i s e  t o  t h i s  spectrum 
i s  suspected t o  be due t o  a THQ dimer This component w i l l  be examined i n  f u r t h e r  
d e t a i l  when t h e  f r a c t i o n ' s  mass spectrum i s  discussed. 

A survey o f  a l l  f i l e s  i n d i c a t e d  the  presence of several  d i f f e r e n t  carbonyl  
species.  F i g u r e  2 shows the carbonyl  s t r e t c h i n g  r e g i o n  (1800-1600 cm-1 f o r  
se lec ted  spec t ra  taken throughout the  e n t i r e  run. The band a t  1600 cm-1 which i s  
p resent  i n  every  f i l e  i s  due t o  an aromatic C=C r i n g  s t r e t c h .  Early i n  the run  
( f i l e  190), be fore  e l u t i o n  of THQ, bands a t  1677 and 1690 cm-l are observed. These 
bands are seen i n  a l l  f i l e s  up t o  201. 
a t  1660 cm-1 i s  seen i n  f i l e  217 p r i o r  t o  e l u t i o n  o f  q u i n o l i n e  ( f i l e  225). F i n a l l y ,  
com ounds e l u t e  between f i l e s  244-250 w i t h  a c h a r a c t e r i s t i c  FTIR absorbance a t  1774 

This cou ld  correspond t o  the 
band i n  f i l e  217 but n o t  f i l e  190. A type  o f  ketone i s  also poss ib le .  Our 
p r e f e r r e d  assignment i s  tha t  hydroxypyr id ine  or  a s i m i l a r  compound cou ld  be 
respons ib le  f o r  the I R  absorbance i n  t h i s  reg ion .  Many o f  these types o f  compounds 
e x i s t  e x c l u s i v e l y  i n  t h e  k e t o  form. 
t o  be suscept ib le  t o  r e a c t i o n  w i t h  oxygen t o  y i e l d  s i m i l a r  type  compounds. A 
s i m i l a r  k ind  of r e a c t i o n  cou ld  w e l l  be o c c u r r i n g  w i t h  THQ d u r i n g  l i q u e f a c t i o n .  
S i n g l e  i n j e c t i o n s  o f  2 -hydroxypyr id ine  and 4-hydroxypyr id ine  support t h i s  assignment 
i n  t h a t  these compounds e l u t e  w i th  r e t e n t i o n  t imes s i m i l a r  t o  those o f  compounds 
found i n  f i l e s  190-217. F igure  3 shows the I R  spectrum of 2-hydroxypyr id ine  and 
4-hydroxypyr id ine  f o r  comparison w i l l  f i l e  spec t ra  190 and 217. 

I 

t ypes  of carbonyl  compounds and i s  t h e r e f o r e  more e a s i l y  assigned. A five-membered 1 

y- lac tone has a band a t  1770 cm-1. 
THF was used t o  i s o l a t e  the o r i g i n a l  sample. 
coa l -der ived  m a t e r i a l  THF adducts r e a d i l y  t o  the coal  m a t e r i a l  and can be converted 
t o  y -bu ty ro lac tone under r a t h e r  m i l d  cond i t ions .  

a d d i t i o n a l  in fo rmat ion ,  THF so lub les  f r a c t i o n  2 was sub jec ted  t o  f i e l d  i o n i z a t i o n  
mass spectroirietry (FIMS). 
temperature range employed (48-451'C). 
temperature ranges and these were then summed i n t o  one o v e r - a l l  spectrum. Th is  
composite spectrum i s  shown i n  F igure  4. 
f o r  t h i s  f r a c t i o n  and t h e  weight average molecular weight i s  396. 
of odd t o  even mass peaks equal t o  0.84 was c a l c u l a t e d  f o r  t h i s  sample. 
from t h i s  O/E r a t i o  t h a t  almost h a l f  t h e  m a t e r i a l  i n  f r a c t i o n  2 conta ins  an odd 
number o f  n i t r o g e n  atoms. 

examinat ion of  the summed spectrum alone. Each temperature g ives  r i s e  t o  a spectrum 
t h a t  i s  s imp ler  than t h e  composite spectrum s i n c e  a l l  t h e  compounds are not present 

There i s  a l a r g e  amount o f  / 

F i l e  201 i n d i c a t e s  the presence o f  

s t r e t c h ,  and r a t h e r  i n t e n s e  C=C and C=N bands a t  1598 cm- P and 1500 cm-1 i n  a d d i t i o n  

A f t e r  THQ e l u t e s  ( f i l e  203) an unique band 

cm- P . 
A t e r t i a r y  m i d e  e x h i b i t s  a band near 1650 cm-1. 

Enamines such as t e t r a h y d r o p y r i d i n e  are known 

The 1774 cm-1 band i n  f i l e s  244-250 i s  h igher  i n  f requency than i s  seen i n  many 

The presence o f  such a species i s  l i k e l y  s ince 
It i s  known t h a t  i n  the  presence o f  

To conf i rm assignments made on the  bas is  of HPLC-FTIR as wel l  as t o  ga in  

The sample was 100% v o l a t i l e  i n  t h e  spectrometer i n  t h e  
Spectra were c o l l e c t e d  over e i g h t  

The number average molecular weight i s  328 
An o v e r a l l  r a t i o  

It appears 

Examining the i n d i v i d u a l  temperature ranges af fords more i n f o r m a t i o n  than an 
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i n  each range. The f i r s t  temperature range examined (48-83°C) has an O/E  r a t i o  of 
4.36. Obviously, compounds having an odd number o f  n i t r o g e n  atoms dominate. The 
most intense peaks are THQ (m/e = 133) and q u i n o l i n e  ( d e  = 129). These compound 
assignments can be c o n f i d e n t l y  made (as opposed t o  the isomers 1,2,3,4-tetrahydro- 
i s o q u i n o l i n e  and i s o q u i n o l i n e )  because o f  the  in fo rmat ion  obtained from HPLC-FTIR. 
Also, from the FTIR analysis,  N-methy lan i l ine  can be sa id  t o  be a t  l e a s t  i n  p a r t  
r e s p o n s i b i l e  f o r  t h e  peak a t  107. The o ther  p o s s i b l e  isomers o f  m/e = 107 were no t  
observed by FTIR. 

FIMS suggests the  presence o f  compounds not i n d i c a t e d  by FTIR. These i n c l u d e  
i n d o l e  or p r o p y l p i p e r i d i n e  (m/e=117) and t h e i r  homologues (m/e = 131), e t h y l a n i l  i n e  
o r  a C 1  homologue o f  mass 107 ( d e  = 121) and indanol  ( d e  = 134). Some compounds 
i n d i c a t e d  by FIMS may a l s o  have been suggested by the  FTIR ana lys is  b u t  a lack  o f  
model compounds and/or s p e c t r a l  l i b r a r y  prevented exact assignment. For example, 
these might inc lude homologues o f  THQ and q u i n o l i n e  ( d e  = 143, 147, 157, 161). A 
hydroxyqu ino l ine  i s  suggested a t  mass 145 which supports an e a r l i e r  assignment made 
v i a  HPLC-FTIR. 

t h e  f i r s t  temperature range, compounds o f  h igher  molecular weight are detected. The 
O / E  r a t i o  changes d r a m a t i c a l l y  due t o  the na ture  o f  the compounds being v o l a t i l i z e d  
dur ing  t h i s  temperature range. The O / E  r a t i o  i s  now 0.96. I n  the  t h i r d  temperature 
range (110-122°C) the  O/E r a t i o  decreases even f u r t h e r  t o  0.49. 
inc reas ing  most i n  i n t e n s i t y  dur ing  the  second and t h i r d  temperature ranges are m/e 
= 260-266. With the  except ion o f  THQ, these peaks are the  most in tense ones i n  the  
FIMS summed spectrum. 
and r e l a t e d  "phenylquinol  ine- type"  compounds. 

I n  the second temperature range (87-l10eC), i n  a d d i t i o n  t o  compounds seen i n  

The mass peaks 

The suggested compounds f o r  m/e = 260-266 are dimers o f  THQ 

The presence o f  such compounds i n  coal  l i q u e f a c t i o n  products has been 
p r e v i o u s l y  speculated. I t has been noted t h a t  n i t r o g e n - c o n t a i n i n g  l i q u e f a c t i o n  
solvents,  wh i le  enhancing the  l i q u e f a c t i o n  process by inc reas ing  the  amount o f  
s o l u b l e  product, a l s o  produced n o n - d i s t i l l a b l e  products and r e s u l t e d  i n  severe 
so lvent  loss .  The suggest ion was made t h a t  the  l i q u e f a c t i o n  so lvent  was being 
incorpora ted  i n t o  the coa l  s t r u c t u r e  o r  otherwise r e a c t i n g  t o  produce h igher  
molecular weight m a t e r i a l s .  U n i d e n t i f i e d  I R  spec t ra  obtained by HPLC-FTIR can be 
associated w i t h  compounds o f  m/e 260-266 found i n  the  FIMS spec t ra .  Model compounds 
are u n f o r t u n a t e l y  unava i lab le  f o r  exact assignment by e i t h e r  method. 

I n  the  h igher  temperature ranges, the  O/E r a t i o  approaches 1.00. This suggests 
t h a t  each h i g h  molecular weight specie has been "tagged" w i th  THQ. As seen from the  
summed spectrum i n  F igure  4, these h i g h  mass peaks ( >  m/e = 320) are n o t  v e r y  
intense. Such h i g h  mass peaks could be due t o  t r i m e r s  o f  THQ and r e l a t e d  
compounds. 
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Figure 2. Carbonyl stretching region f o r  s e l e c t e d  spectra obtained during 
the separation o f  TIlF Solubles  f rac t ion  2 .  
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